C 18 H 22 N4O 6 , triclinic, P1 (no. 2), a = 5.03050(10) Å, b = 12.4151(4) Å, c = 15.5353(5) Å, α = 96.186(3)°, β = 98.961(2)°, γ = 96.669(2)°, V = 944.05(5) Å 3 , Z = 2, Rgt(F) = 0.0421, wR ref (F 2 ) = 0.1213, T = 100 K.
the atoms including atomic coordinates and displacement parameters.
Source of material
N,N′-Bis(pyridin-3-ylmethyl)oxalamide, 3 LH 2 , was prepared according to the literature procedure [5] (melting point, m.pt: 474-475 K). The title co-crystal was prepared by dissolving 3 LH 2 (0.154 g, 1 mmol) in an excess of glacial acetic acid (3 mL) . Upon its dissolution, benzene (3 mL) was carefully layered on top of the solution. Colourless crystals formed approximately one week after the crystallisation and shown crystallographically to be 3 
Experimental details
The C-bound H atoms were geometrically placed (C-H = 0.95-0.99 Å) and refined as riding with U iso (H) = 1.2-1.5Ueq(C). The O-and N-bound H-atoms were located in a difference Fourier map but were refined with distance restraints of O-H = 0.84 ± 0.01 Å and N-H = 0.88 ± 0.01 Å, respectively, and with U iso (H) set to 1.5U equiv (O) and 1.2U equiv (N), respectively.
Comment
A recent review [6] has summarised the structural chemistry of co-crystals, salts and metal complexes formed by isomeric molecules with the general formula (n-C5H4N)CH 2 N(H)C(=O)C(=O)N(H)CH 2 (C5H4N-n), for n = 2, 3 and 4, hereafter abbreviated as n LH 2 . Hydrogen bonding functionality is apparent in these molecules, namely in the central di-amide group as well as in the two terminal pyridyl residues. As a part of on-going studies in forming co-crystals and coordination polymers of n LH 2 [7] [8] [9] , the title 2:1 cocrystal, 3 LH 2 ·2CH 3 C(=O)OH, was formed and characterised crystallographically.
The molecular structures of the molecules comprising the asymmetric unit are shown in the figure (70% displacement ellipsoids). The 3 LH 2 molecule features a planar, central C 2 N 2 O 2 residue with the r.m.s. deviation of the fitted atoms = 0.0204 Å; the maximum deviation from the plane is 0.0286(7) Å for the N2 atom. The planarity does not extend to the appended methylene-carbon atoms which lie 0.207(2) Å, for the C6 atom, and 0.189(2) Å, for C9, to one side of the plane through the central atoms. Indeed, the pyridyl rings lie to the same side of the molecule so that the conformation is syn-periplanar. The dihedral angles between the central plane and the N1-and N4-pyridyl rings are 71.34(4) and 77.78(4)°, respectively; the dihedral angle between the pyridyl rings is 85.83(4)°. The observed synperiplanar conformation is found in one of the two polymorphs of 3 LH 2 , the other exhibiting an anti-periplanar conformation in each of the independent molecules [10] . DFT calculations showed the energy difference between the two observed conformations in the polymorphs was less than 1 kcal mol −1 , consistent with the conformational flexibility of these molecules [6] . Finally, two intramolecular amide-N-H· · · O(amide) hydrogen bonds are noted [N2-H2n· · · O2: H2n· · · O2 = 2.314(18) Å, N2· · · O2 = 2.7170(16) Å with angle at H2n = 108.4(11)°and N3-H3n· · · O1: H3n· · · O1 = 2.325(18) Å, N3· · · O1 = 2.7091(16) Å with angle at H3n = 106.9(12)°]; each of these gives rise to an S(5) loop using graph-set notation [11] . The acetic acid molecules are attached to 3 As mentioned above, conventional hydroxy-O-H· · · N(pyridyl) hydrogen bonds link the components of the asymmetric unit into a three-molecular aggregate [O3-H3o· · · N1: H3o· · · N1 = 1.85(2) Å, O3· · · N1 = 2.6952(16) Å with angle at H3o = 174(2)°and O5-H5o· · · N4: H5o· · · N4 = 1.820(17) Å, O5· · · N4 = 2.6550(16) Å with angle at H5o = 172(2)°]. The di-amide residues self-associate to form a supramolecular tape along the a-axis direction and mediated by 10-membered {· · · HNC 2 O} 2 synthons, as shown in the lower view of the figure [N2-H2n· · · O1 i : H2n· · · O1 i = 2.027(11) Å, N2· · · O1 i = 2.8206 (14) Å with angle at H2n = 151.2(16)°and N3-H3n· · · O2 ii : H3n· · · O2 ii = 2.014(11) Å, N3· · · O2 ii = 2.8157 (14) Å with angle at H3n = 152.5(16)°for symmetry operations (i) 1 + x, y, z and (ii) −1 + x, y, z]. The tapes are connected into a layer in the ac-plane by methylene-C-H· · · O (carbonyl) [C6-H6a· · · O6 iii : H6a· · · O6 iii = 2.54 Å, C6· · · O6 iii = 3.5045(18) Å with angle at H6a = 165°for (iii) 3 − x, 1 − y, 1 − z] and pyridyl-C-H· · · O (hydroxy) [C12-H12· · · O5 iv : H12· · · O5 iv = 2.50 Å, C12· · · O5 iv = 3.327(2) Å with angle at H12 = 145°for (iv) 3 − x, 1 − y, 2 − z]. The connections between layers along the b-axis direction are also of the type C-H· · · O but at longer separations that is, pyridyl-C-H· · · O (amide) [C4-H4· · · O1 v : H4· · · O1 v = 2.60 Å, C4· · · O1 v = 3.544(2) Å with angle at H4 = 172°for (v) 1 − x, −y, 1 − z] and methyl-C-H· · · O (amide) [C16-H16a· · · O1 vi : H16a· · · O1 vi = 2.61 Å, C16· · · O1 vi = 3.585(2) Å with angle at H16a = 172°for (vi) 3 − x, −y, −z] interactions.
In order to understand more about the supramolecular interactions important in the molecular packing, Crystal Explorer 17 [12] was used for the calculation of the Hirshfeld surfaces as well as of the full and delineated two-dimensional fingerprint plots for the entire three-molecule aggregate using established procedures [13] . Important contributions to the calculated Hirshfeld surface come from H· · · H [44.1%] and O· · · H/H· · · O [30.0%] contacts, the latter reflecting the significant H· · · O contacts identified above. Other important surface contacts come from C· · · H/H· · · C [14.4%] as well as N· · · H/H· · · N [4.7%] and O· · · C/C· · · O [3.2%] contacts but, generally at distances greater than the sum of the respective van der Waals radii. The same calculations were also performed on each of the crystallographically independent components of the asymmetric unit. As anticipated, several differences in percentage contributions to the surface are apparent. For 3 LH 2 , the contributions from H· · · H [40.6%] and O· · · H/H· · · O [25.3%] contacts have decreased significantly while those from N· · · H/H· · · N [11.0%] and C· · · H/H· · · C [16.9%] have increased compared with the overall threemolecule aggregate. A recent study [14] highlighted how the analysis of calculated Hirshfeld surfaces could be employed to distinguish between different molecules in the asymmetric unit. This is also true in the present case of the O3and O5-carboxylic acids. Hence, differences in the percentage contributions to the overall surfaces for each molecule are apparent in the H· · · H [41.4% compared with 43.7% for the O3-and O5-carboxylic acids, respectively], O· · · H/H· · · O [38.1 and 37.8%] and C· · · H/H· · · C [6.1 and 4.4%]; the contributions from N· · · H/H· · · N contacts remain the same [8.1 and 8.2%].
Similar overall percentage contributions calculated for the three-molecule aggregate in the title co-crystal were noted in a very closely related structure, that is, 4 LH 2 ·2CH 3 C(=O)OH, isolated as a dihydrate [15] ; the calculations were performed on the overall five-molecule aggregate.
Here, despite the presence of water molecules of crystallisation that participate in significant hydrogen bonding interactions, the most important contribution to the Hirshfeld surface still comes from H· · · H contacts [43.4%] with O· · · H/H· · · O [32.5%] contacts being a little more important than in the title structure. Contacts of the type H· · · C/C· · · H [14.4%] also make a significant contribution to the surface but, again at relatively long separations.
